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Myopic foveoschisis and macular hole with a retinal detachment are two major diseases associated with
posterior staphyloma that are speciﬁc to high myopia. The pathogenesis is a combination of various types
of traction from the vitreous cortex, epiretinal membrane (ERM), internal limiting membrane (ILM), and
microvessels. Foveoschisis typically starts with retinoschisis, and a retinal detachment subsequently
develops as a result of traction on the inner retina. The stress on the fovea eventually opens a small hole
and leads to retinal detachment from a macular hole; thus, both are closely related. These two pathol-
ogies can be treated with vitrectomy. A foveal detachment is the best indication for surgery because of
the greatest visual improvement. The routine surgical procedures are vitreous cortex removal with
triamcinolone acetonide, ERM peeling, ILM peeling stained with Brilliant Blue G, and gas tamponade. The
necessity for ILM peeling and gas tamponade for myopic foveoschisis remains controversial. A post-
operative macular hole is a severe complication in foveoschisis, and a photoreceptor inner/outer segment
defect seen on optical coherence tomography images obtained preoperatively is a risk factor for macular
hole. A foveal nonpeeling can be considered to avoid foveal trauma. The inverted ILM peeling technique
is a new option to enhance macular hole closure. Both techniques seem to enhance retinal restoration;
however, the visual beneﬁt has not been conﬁrmed. A long-shaft forceps facilitates precise maneuvers.
Vitrectomy for highly myopic macular diseases remains challenging; however, an understanding of the
pathogeneses and innovations in vitreous surgical instruments and techniques will facilitate safer
surgeries.
Copyright  2014, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Myopic foveoschisis is very common in patients with high
myopia and occurs predominantly in middle-aged to older
women. Myopic foveoschisis develops prior to a macular hole
with retinal detachment, and both are major macular diseases
that require vitrectomy. However, the surgery itself remains
challenging due to atrophic and thin retinas, multiple and fragile
membranes adhering to the retina, and the location of the
retinal fundus far from the entry site. This article discusses the
background information including clinical manifestations and
pathogenesis, and the cutting-edge techniques in surgical
procedures.s of interest.
Medical School, 2-2 Yama-
ciety of Taiwan. Published by Else2. Pathogenesis
Myopic foveoschisis is characterized by retinoschisis and sub-
sequent retinal detachment speciﬁc to highly myopic eyes. Poste-
rior staphyloma is a risk and has a higher prevalence than in eyes
without staphyloma.1 Myopic foveoschisis was ﬁrst described in
the 1950s,2 and was reported to commonly occur in 10 of 32 highly
myopic eyes.3
However, it is difﬁcult to diagnose myopic foveoschisis correctly
without optical coherence tomography (OCT), which enables
visualization of the microarchitecture and provides information to
facilitate an understanding of the pathophysiology in high-myopic
cases. Myopic foveoschisis is substantially a tractional disease that
is generated from various components. The vitreous cortex is one
cause of the inward traction on the retina. Vitreous adhesion to the
retina and vitreoschisis are seen frequently during vitrectomy.
Epiretinal membranes (ERMs) are common and also generate
traction. The rigidity of internal limiting membranes (ILMs) and the
retinal vascular traction are unique and both are newly foundvier Taiwan LLC. All rights reserved.
Fig. 1. Typical appearance of an internal limiting membrane (ILM) detachment (ar-
row), which is thought to result from the rigidity of this membrane. The ILM is
separated, and some residual tissues form a bridge to the other retinal layers. This is
most predominantly observed at the edge of the posterior staphyloma in a vertical
section.
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often observed on OCT images4 (Fig. 1). This indicates that the ILM
is less ﬂexible than the other retinal layers and exerts inward
traction on those layers. Retinal vascular traction is postulated
based on a unique OCT ﬁnding, the so-called retinal microfolds.5,6
Retinal microfolds appear on OCT images as small peaks in the
inner retina and are a typical ﬁnding after vitrectomy performed to
treat myopic foveoschisis (Fig. 2). The retinal vessels, especially the
retinal arterioles, are less ﬂexible and cannot be stretched as much
as the other retinal components. Thus, myopic foveoschisis is
caused by multiple factors and can be regarded as a split between
the ﬂexible outer retina and the inﬂexible inner retina.
Macular holes often lead to retinal detachments in highly
myopic eyes. Histologic studies of specimens obtained during vit-
rectomy have shown that the retinal detachment results from the
tangential traction of the vitreous cortex and/or thin ERMs
adhering to the retinal surface.7,8 OCT has demonstrated a more
detailed mechanism related to myopic foveoschisis. Myopic
foveoschisis starts with retinoschisis but ultimately leads to a
macular hole through a focal retinal detachment.9 Two types of
macular holes develop in high myopia, one of which is ﬂat without
retinoschisis and the other is the retinoschisis type.10 The latter
exerts powerful traction and is highly likely to progress to a retinal
detachment. It is often rapidly progressive and can progress in only
1e2 weeks to widespread detachment from formation of a hole.
The ﬂat type does not exert traction, is typically stable, and has aFig. 2. Typical appearance of retinal microfolds (arrows), which are mostly recogniz-
able only on optical coherence tomography (OCT) images. The microfolds appear as
sharp peaks and are located along with retinal vessels, especially arterioles. Microfolds
have acoustic shadows on the OCT images, suggesting the coincidence with retinal
vessels. There is a higher chance of ﬁnding microfolds in vertical sections because the
retinal vessels mostly run horizontally.higher anatomic postoperative success rate compared with the
retinoschisis type.
3. Clinical manifestations and diagnosis
OCT shows a variety of appearances of myopic foveoschisis
including lamellar holes and retinal cysts.11 Myopic foveoschisis
begins as retinoschisis without a retinal detachment (i.e., the reti-
noschisis type). A retinal detachment can start at the fovea after
several months or years if there is sufﬁcient traction (i.e., the foveal
detachment type; Fig. 3).9
The natural course of myopic foveoschisis is poor,12,13 and 11e
50% of patients have a retinal detachment and/or macular hole
formation within 2e3 years of follow-up without treatment. The
high risk of severe visual loss from macular holes with retinal de-
tachments is a motivation for surgery.
A macular hole with a retinal detachment has a wide range in
the area. Some patients are stable and the pathology is localized
within the posterior staphyloma for months; however, most pro-
ceed to the development of an extensive detachment beyond the
edge of the staphyloma. A small hole is seen in the central macular
area on ophthalmoscopy and can be conﬁrmed by the OCT, which
generally shows a detached retina and a hole with or without
surrounding retinoschisis.
4. Treatment
4.1. Surgical goals and indications
Vitrectomy is the most common treatment for myopic foveo-
schisis.14e18 The surgical goal is to release all retinal traction to
reattach and reconstruct the normal structure. As mentioned pre-
viously, there are several subtypes; however, the subtypes with theFig. 3. Two types of myopic foveoschisis are seen on optical coherence tomography
images. (A) The retinoschisis type is characterized by only retinoschisis and no retinal
detachment has started, whereas (B) the foveal detachment type is more advanced,
and the photoreceptors are separated from the pigment epithelium.
Fig. 4. Separating the vitreous cortex from the retina. An intravitreal forceps is used to
scrape the thin and fragile vitreous membrane from the surface. Triamcinolone must
be used to conﬁrm the residual cortex. Maximal care is taken to avoid a break in the
thin and atrophic retina in these eyes.
Fig. 6. An intraoperative view of the inverted ﬂap method of internal limiting mem-
brane (ILM) peeling for macular holes and retinal detachments. The ILM is stained with
Brilliant Blue G and peeled, but only from the surrounding retina and left attached at
the edge of the hole. Finally, the ILM ﬂap is folded into the hole, and gas tamponade is
performed.
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surgical results and found that eyes with a foveal detachment are
good surgical candidates for visual improvement.9 Other in-
vestigators have also reported that a foveal detachment is a positive
predictive factor for favorable visual outcomes.19 However, there is
no consensus about the surgical indication, and any type of pa-
thology can be an indication for surgery.
4.2. Vitreous cortex and ERM peeling
Vitreous surgery includes vitreous cortex separation from the
retina, dye-assisted ERM/ILM peeling, and gas tamponade normally
with air or sulfur hexaﬂuoloride. Because multiple layers of mem-
branes of different origins are attached to the retina,8,20 maximal
care must be taken to conﬁrm that all components are removed.
After core vitrectomy, triamcinolone acetonide is applied to visu-
alize the thin vitreous membrane and separate it from the retina
with intravitreal forceps or Tano diamond-dusted membrane
scraper (Fig. 4). Once the posterior vitreous detachment is com-
plete, the presence of an ERM, which is often thin and barely visible,Fig. 5. The scheme of the foveal technique without peeling in myopic foveoschisis. The in
extended toward the periphery. The ILM must be saved in order to not injure the fovea.must be conﬁrmed.21 In such cases, the use of trypan blue dye can
be considered. An ILM of 2e3-disk diameter is peeled off after
dyeing the tissue with Brilliant Blue G.
4.3. ILM peeling
ILM peeling remains controversial in myopic foveoschisis;
however, we prefer this procedure for the following reasons. First,
an ILM detachment indicates that the inward traction is seen pre-
dominantly in highly myopic eyes.22 Second, occult ﬁbrin/mem-
brane formation is often seen on the ILM surface in electron
microscopic studies.8 Finally, reoperation with ILM peeling is often
effective for persistent and recurrent myopic foveoschisis.23,24ternal limiting membrane (ILM) is peeled in a donut fashion to avoid the fovea and
Fig. 7. The long-shaft forceps. The shaft is 25 gauge with an Eckardt-type tip. This forceps is 5 mm longer than conventional forceps.
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complications, with an incidence rate of approximately 20%.13,17 To
identify the risk factors for secondary full-thickness macular holes
after pars plana vitrectomy with ILM peeling, we retrospectively
reviewed patients who had undergone those procedures to treat
myopic foveoschisis.25 Amacular hole developed postoperatively in
eight (19.0%) of 42 eyes. No signiﬁcant association between age,
axial length, visual acuity (VA), foveal status, posterior staphyloma,
or chorioretinal atrophy was found in patients with and without
macular holes. Only the percentage of eyes with an inner/outer
segment junction defect was signiﬁcantly higher.
The pathogenesis of secondary macular holes after vitrectomy
for macular foveoschisis remains unclear; however, this may sug-
gest the critical role of ILM peeling. Gass26 hypothesized that the
Müller cell cone supplies structural support to the fovea and plays a
critical role in the pathogenesis of macular holes. Potential trauma
to the underlying Müller cells caused by ILM peeling may be a
possible explanation for postoperative macular hole. ILM peeling
may result in loss of Müller cell end feet in the area fromwhich the
ILM was peeled and weakening of the macular glial structure.27,28
4.4. Modiﬁed techniques in ILM peeling
A foveal nonpeeling technique is a way to avoid trauma
(Fig. 5).29 However, this method is controversial. Other in-
vestigators reported the largest published series in which they
compared conventional ILM peeling and this new technique.30
They found less likelihood of macular hole formation using this
technique. However, interestingly, the visual results did not
signiﬁcantly improve. This technique has a signiﬁcant impact on
anatomic success but may not affect the visual success. This is a
limitation of this technique that must be considered.
The rate of macular hole closure is even less in highly myopic
eyes compared with nonmyopic eyes, which is reported in
approximately 25e40% of cases.31,32 The risk that a hole might not
close is higher in cases with preoperative retinoschisis or retinal
detachment, which is likely because of the lack of retinal redun-
dancy due to the deep staphyloma. The inverted ILM peeling
technique enhances the macular hole closure rate in highly myopic
eyes (Fig. 6).33 However, the effect on visual results is controversial.
We developed and tested long-shaft forceps (þ5 mm longer) in
highly myopic eyes (Fig. 7) of 14 patients during ILM peeling by
scoring the impression of four different locations (proximal, distal,
superior, and inferior to the macula) in the posterior pole. The
forceps was useful in eyes with axial lengths ranging from
27.89 mm to 29.9 mm.34 This forceps is currently available from the
Dutch Ophthalmic Research Center (Zuidland, The Netherlands).
4.5. Air/gas tamponade
The ﬂuid is exchanged with gas and replaced with half air at the
end of surgery. The patient must remain in the face-down position
for 1 day if there is no macular hole. The effectiveness of gas
tamponade is controversial35,36; however, Kim et al37 reported that
this procedure signiﬁcantly shortened the time to retinal reat-
tachment, although there was no difference in the postoperative
visual outcomes. A long period of gas tamponade was associated
with better visual outcomes in a small case series.38 In cases
with macular holes, a longer period of gas tamponade withperﬂuoropropane was used to enhance the reattachment.39 How-
ever, a long period of tamponade may not be necessary after the
inverted ILM ﬂap technique described previously. Further investi-
gation is needed to conﬁrm this.
4.6. Surgical outcomes
The prognosis of myopic foveoschisis is favorable after vitrec-
tomy. In most cases, the retina is reattached at least around the
fovea. Retinal reattachment sometimes is slow and can take from 6
months to 1 year.40 Residual retinoschisis, retinal detachment, or
both are observed at the edge of the posterior staphyloma; how-
ever, when this pathology is far from the macula, the recovery of
the visual function is not compromised. We reported that approx-
imately 50% of patients with the retinoschisis type of macular hole
had visual improvement 6 months postoperatively, as did 80% with
the foveal detachment type, and 30% with the macular hole type.9
Another group of investigators reported similar results, that is, the
ﬁnal vision in the foveal detachment group and nonfoveal
detachment group improved in 70% and 42%, was unchanged in
26% and 33%, and worsened in 4% and 25% of the eyes, respec-
tively.19 The prognosis is much poorer in cases with macular
holes39; therefore, surgery must be performed before a macular
hole develops.
The prognosis of macular holes with a retinal detachment is
relatively poor. The postoperative VA is an average of 20/200 or less,
and retinal reattachment occurs in approximately 70% of cases after
the initial surgery.41 In addition, the macular holes do not close in
most cases.32 Macular buckling, which can be considered when the
retina is resistant, converts the vector force on the retinal surface
and pushes the retina onto the retinal pigment epithelium. This is
why this procedure normally has a higher success rate of over 90%
compared with vitrectomy.42
5. Concluding remarks
Myopic macular diseases result from traction of multiple com-
ponents, and the surgical goal is to release all traction on the retina.
Vitrectomy instruments continue to evolve, and new techniques
are being introduced to achieve better anatomic success. However,
the surgery remains challenging. The unique pathophysiology in
this special environment must be understood, and efforts must be
made to improve vitreous surgery.
References
1. Baba T, Ohno-Matsui K, Futagami S, Yoshida T, Yasuzumi K, Kojima A, et al.
Prevalence and characteristics of foveal retinal detachment without macular
hole in high myopia. Am J Ophthalmol. 2003;135:338e342.
2. Phillips CI. Retinal detachment at the posterior pole. Br J Ophthalmol. 1958;42:
749e753.
3. Takano M, Kishi S. Foveal retinoschisis and retinal detachment in severely
myopic eyes with posterior staphyloma. Am J Ophthalmol. 1999;128:472e476.
4. Sayanagi K, Ikuno Y, Tano Y. Tractional internal limiting membrane detachment
in highly myopic eyes. Am J Ophthalmol. 2006;142:850e852.
5. Ikuno Y, Gomi F, Tano Y. Potent retinal arteriolar traction as a possible cause of
myopic foveoschisis. Am J Ophthalmol. 2005;139:462e467.
6. Sayanagi K, Ikuno Y, Gomi F, Tano Y. Retinal vascular microfolds in highly
myopic eyes. Am J Ophthalmol. 2005;139:658e663.
7. Ishida S, Yamazaki K, Shinoda K, Kawashima S, Oguchi Y. Macular hole retinal
detachment in highly myopic eyes: ultrastructure of surgically removed epi-
retinal membrane and clinicopathologic correlation. Retina. 2000;20:176e183.
Y. Ikuno / Taiwan Journal of Ophthalmology 4 (2014) 147e151 1518. Bando H, Ikuno Y, Choi JS, Tano Y, Yamanaka I, Ishibashi T. Ultrastructure of
internal limiting membrane in myopic foveoschisis. Am J Ophthalmol.
2005;139:197e199.
9. Ikuno Y, Sayanagi K, Soga K, Oshima Y, Ohji M, Tano Y. Foveal anatomical status
and surgical results in vitrectomy for myopic foveoschisis. Jpn J Ophthalmol.
2008;52:269e276.
10. Jo Y, Ikuno Y, Nishida K. Retinoschisis: a predictive factor in vitrectomy for
macular holes without retinal detachment in highly myopic eyes. Br J Oph-
thalmol. 2012;96:197e200.
11. Benhamou N, Massin P, Haouchine B, Erginay A, Gaudric A. Macular reti-
noschisis in highly myopic eyes. Am J Ophthalmol. 2002;133:794e800.
12. Shimada N, Tanaka Y, Tokoro T, Ohno-Matsui K. Natural course of myopic
traction maculopathy and factors associated with progression or resolution. Am
J Ophthalmol. 2013;156:948e957. e1.
13. Gaucher D, Haouchine B, Tadayoni R, Massin P, Erginay A, Benhamou N, et al.
Long-term follow-up of high myopic foveoschisis: natural course and surgical
outcome. Am J Ophthalmol. 2007;143:455e462.
14. Ishikawa F, Ogino N, Okita K. Vitrectomy for macular detachment without
macular hole in highly myopic eyes. J Eye (Atarashii Ganka). 2001;18:953e
956.
15. Kobayashi H, Kishi S. Vitreous surgery for highly myopic eyes with foveal
detachment and retinoschisis. Ophthalmology. 2003;110:1702e1707.
16. Ikuno Y, Sayanagi K, Ohji M, Kamei M, Gomi F, Harino S, et al. Vitrectomy and
internal limiting membrane peeling for myopic foveoschisis. Am J Ophthalmol.
2004;137:719e724.
17. Hirakata A, Hida T. Vitrectomy for myopic posterior retinoschisis or foveal
detachment. Jpn J Ophthalmol. 2006;50:53e61.
18. Kwok AK, Lai TY, Yip WW. Vitrectomy and gas tamponade without internal
limiting membrane peeling for myopic foveoschisis. Br J Ophthalmol. 2005;89:
1180e1183.
19. Kumagai K, Furukawa M, Ogino N, Larson E. Factors correlated with post-
operative visual acuity after vitrectomy and internal limiting membrane
peeling for myopic foveoschisis. Retina. 2010;30:874e880.
20. Sakaguchi H, Ikuno Y, Choi JS, Ohji M, Tano T. Multiple components of epi-
retinal tissues detected by triamcinolone and indocyanine green in macular
hole and retinal detachment as a result of high myopia. Am J Ophthalmol.
2004;138:1079e1081.
21. Panozzo G, Mercanti A. Optical coherence tomography ﬁndings in myopic
traction maculopathy. Arch Ophthalmol. 2004;122:1455e1460.
22. Sayanagi K, Morimoto Y, Ikuno Y, Tano Y. Spectral-domain optical coherence
tomographic ﬁndings in myopic foveoschisis. Retina. 2010;30:623e628.
23. Sayanagi K, Ikuno Y, Tano Y. Reoperation for persistent myopic foveoschisis
after primary vitrectomy. Am J Ophthalmol. 2006;141:414e417.
24. Futagami S, Inoue M, Hirakata A. Removal of internal limiting membrane for
recurrent myopic traction maculopathy. Clin Experiment Ophthalmol. 2008;36:
782e785.
25. Gao X, Ikuno Y, Fujimoto S, Nishida K. Risk factors for development of full-
thickness macular holes after pars plana vitrectomy for myopic foveoschisis.
Am J Ophthalmol. 2013;155:1021e1027.26. Gass JD. Reappraisal of biomicroscopic classiﬁcation of stages of development
of a macular hole. Am J Ophthalmol. 1995;119:752e759.
27. Wolf S, Schnurbusch U, Wiedemann P, Grosche J, Reichenbach A, Wolburg H.
Peeling of the basal membrane in the human retina: ultrastructural effects.
Ophthalmology. 2004;111:238e243.
28. Newman E, Reichenbach A. The Müller cell: a functional element of the retina.
Trends Neurosci. 1996;19:307e312.
29. Ho TC, Chen MS, Huang JS, Shih YF, Ho H, Huang YH. Foveola nonpeeling
technique in internal limiting membrane peeling of myopic foveoschisis sur-
gery. Retina. 2012;32:631e634.
30. Shimada N, Sugamoto Y, Ogawa M, Takase H, Ohno-Matsui K. Fovea-sparing
internal limiting membrane peeling for myopic traction maculopathy. Am J
Ophthalmol. 2012;154:693e701.
31. Ikuno Y, Tano Y. Vitrectomy for macular holes associated with myopic foveo-
schisis. Am J Ophthalmol. 2006;141:774e776.
32. Ikuno Y, Sayanagi K, Oshima T, Gomi F, Kusaka S, Kamei M, et al. Optical
coherence tomographic ﬁndings of macular holes and retinal detachment after
vitrectomy in highly myopic eyes. Am J Ophthalmol. 2003;136:477e481.
33. Kuriyama S, Hayashi H, Jingami Y, Kuramoto N, Akita J, Matsumoto M. Efﬁcacy
of inverted internal limiting membrane ﬂap technique for the treatment of
macular hole in high myopia. Am J Ophthalmol. 2013;156:125e131. e1.
34. Gao X, Ikuno Y, Nishida K. Long-shaft forceps for membrane peeling in highly
myopic eyes. Retina. 2013;33:1475e1476.
35. Lim SJ, Kwon YH, Kim SH, You YS, Kwon OW. Vitrectomy and internal limiting
membrane peeling without gas tamponade for myopic foveoschisis. Graefes
Arch Clin Exp Ophthalmol. 2012;250:1573e1577.
36. Uchida A, Shinoda H, Koto T, Mochimaru H, Nagai N, Tsubota K, et al. Vitrec-
tomy for myopic foveoschisis with internal limiting membrane peeling and no
gas tamponade. Retina. 2014;34:455e460.
37. Kim KS, Lee SB, Lee WK. Vitrectomy and internal limiting membrane peeling
with and without gas tamponade for myopic foveoschisis. Am J Ophthalmol.
2012;153:320e326. e1.
38. Zheng B, Chen Y, Chen Y, Zhao Z, Zhang Z, Zheng J, et al. Vitrectomy and in-
ternal limiting membrane peeling with perﬂuoropropane tamponade or
balanced saline solution for myopic foveoschisis. Retina. 2011;31:692e701.
39. Lim LS, Tsai A, Wong D, Wong E, Yeo I, Loh BK, et al. Prognostic factor analysis
of vitrectomy for retinal detachment associated with myopic macular holes.
Ophthalmology. 2014;121:305e310.
40. Fujimoto S, Ikuno Y, Nishida K. Postoperative optical coherence tomographic
appearance and relation to visual acuity after vitrectomy for myopic foveo-
schisis. Am J Ophthalmol. 2013;156:968e973. e1.
41. Nakanishi H, Kuriyama S, Saito I, Okada M, Kita M, Kurimoto Y, et al. Prognostic
factor analysis in pars plana vitrectomy for retinal detachment attributable to
macular hole in high myopia: a multicenter study. Am J Ophthalmol. 2008;146:
198e204.
42. Ripandelli G, Coppé AM, Fedeli R, Parisi V, D’Amico DJ, Stirpe M. Evaluation of
primary surgical procedures for retinal detachment with macular hole in
highly myopic eyes: a comparison of vitrectomy versus posterior episcleral
buckling surgery. Ophthalmology. 2001;108:2258e2264.
